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absence of degradation. Neither the phospha-s-triazines nor the 1.3-diphosphatetraaza-cyclooctatetraene (IV), with 
the possible exception of the monophospha-s-triazine (I) (0.7 mg/g), exhibited an acceptable performance even at 
316 °C. On the other hand, comparison of the 330 °C results showed I to be definitely more effective than PH-3. It is 
noteworthy that the rust preventing mixtures, D-l and D-2, showed degradation inhibition comparable to that of the 
phosphates A, B, C and V. The phosphate A, RfC 6 H 4 0P(0)(0C 6 H 5 ) 2 , differs from phosphates B and C, 
(R f C 6 H 4 0) 2 P(0)0C 6 H 5 in having only one of the phenoxy groups substituted by a perfluoroalkylether chain. The 
consequently lower content of perfluoroalkylether units resulted in A being insoluble at the 1 percent concentration 
at room temperature in 143 AC and 16256 fluids. The additive was soluble at -100 °C. To alleviate this shortcoming, 
synthesis of an A analogue, having a longer perfluoroalkylether chain, namely Compound V, was carried out. This 
material was soluble at the I percent concentration in 143AC fluid at 25 °C and in the 16256 fluid at 35 °C. 

It is evident from the figure 3 data that additives C, I, II and III were fully effective in the presence of 
Ti(4Al,4Mn) at 316 °C in arresting the degradation of fluid 16256. As mentioned earlier, in the absence of an addi- 
tive this alloy was much more detrimental than 440C steel. At 330 °C only phosphates A, C and V were fully effec- 
tive in the presence of Ti(4Al,4Mn) alloy, based on the volatiles production of <0.5 mg/g. The loss of the Additive I 
degradation arresting action on raising temperature from 316 to 330 °C was drastic, from 0.4 mg/g to 48 mg/g. 

The relative effectiveness of representative additives, namely the rust and degradation inhibiting mixtures D of 
[C 3 F 7 (0CF(CF3)CF 2 ) 3 C 6 H 4 0] 2 P(0)0C 6 H 5 and [C 3 F 7 (0CF(CF 3 )CF 2 ) 3 C 6 H 4 0]P(0)(0C 6 H5)0H, the hindered 
monophospha-s-triazine I, the phosphine PH-3 and the phosphate V in arresting the degradation of fluid 16256 in 
the presence of the three steel alloys (440C, Pyrowear 675 and Cronidur 30) is illustrated in figure 4. It is of interest 
that in each instance, with the possible exception of Pyrowear 675, the order of effectiveness is essentially the same, 
V>mixture D>I>PH-3. In the case of 440C steel the differences are sharp; in the case of Cronidur 30 negligible. 

In Figure 5 are illustrated the differences in thermal oxidative behavior between the 143AC and 16256 fluids in the 
presence of different metals (M-50, Ti(4Al,4Mn) and 440C) and additives (monophospha-s-triazine and phosphine, 
PH-3). Invariably, the additives were more effective in 143 AC compared to the 16256 fluid based on the volatiles 
production. Yet, there is virtually no difference between the 143 AC and 16256 fluids in the degradation extent at 
343 °C promoted by 440C steel in the absence of additives. 

To summarize the studies have shown that the action of ferrous alloys on poly(hexafluoropropene oxide) fluids 
at elevated temperatures in oxidizing atmospheres is comparable insofar as the degradation extent is concerned. 
However, titanium alloys, such as Ti(4Al,4Mn), are significantly more detrimental. Regardless of the nature of the 
metal the phosphate esters were found to arrest the fluid degradation completely, over 24 hr in oxidizing atmo- 
spheres at 330 °C. Phosphines, phospha-s-triazines and diphosphatetraazacyclooctatetraene were less effective. The 
response of the two fluids, 143AC and 16256, to additives at high temperatures differed with the 16256 being invari- 
ably less responsive. 
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Figure 1. Comparison of the effects of different metals and temperature on the thermal 
stability of poly (hexaf luoropropene oxide) fluid 16256 in an oxygen atmosphere. 
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[C 3 F 70 [CF(CF 3 )CF 2 0 ] 2 C(CF 3 ) 2 CN] [ (C 6 H 5 ) 2 PN ] 2 (HI)/ C 3 F 7 [OCF (CF 3 ) CF 2 ] 6C6 H 4 OP (°) (° C 6 H 5) 2 < v > / 
C 3 F 7 [OCF(CF 3 ) CF 2 ] 2 C 6 H 4 OP (0) (OC 6 H 5 ) 2 (A), (C3F7 [OCF(CF 3 ) CF 2 ] 3 C 6 H 4 0) 2 p (0) OC 6 H 5 (C) , and 

[C 3 F 7 OCF (CF 3 ) CF 2 0CF (CF 3 ) CF 2 CgH 4 ] 3 P (PH-3) in arresting poly (hexaf luoropropene oxide) fluid 
16256 thermal oxidative degradation in the presence of Ti(4Al,4Mn) alloy. 
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mixture of (C3F7 [OCFfCFg) CF2] 3C6H4O) 2? (0) 0CgH5 (C) and C3F7 [OCF (CF3 ) CF2 ] 3C5H4OP (0) (OC5H5)OH 
( D-2 , C = 81%; D-4 , C = 78%), and [C3F7OCF (CF 3 ) CF 2 0CF (CF3 ) CF 2 C 6 H 4 ] 3 P ( PH-3 ) in arresting 
poly (hexaf luoropropene oxide) fluid 16256 thermal oxidative degradation in the presence of 
different ferrous alloys at 330°C. 
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Phosphate esters were fully effective over 24 hour exposure in the 16256/440C steel and the 16256/Ti(4Al,4Mn) 
systems at 330°C. In general, the phosphine was less effective in the presence of ferrous alloys than the phosphates and 
phospha-s-triazines. 
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